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INTRODUCTION 

Sulfonecontaining polyarylethers generally include one or more aromatic rings linked together by ether and 
sulfone groups. One class of these polymers also contains isopropylidene linkages. They form a class of polymers that 
are tough, have a high softening temperature. and maintain their desirable properties for extended @cds of time. 

The neat poly(ary1ether sulfones) are softened by heating for processing. The literature [381 suggesls that some 
of the challenges to this processing are. engendered by the valuable properties of the polymers themselves. The same 
desirable high temperature softening point for end-use applications is also high enough that some (hemal degradation 
can occur during front-end processing. This can lead to gas evolution and viscosity increase, the latter presumably owing 
IO the formation of a gel. 

These literature reports motivated the present work aimed at applying our previously developed reaction 
modelling technique using Monte Carlo simulation to the reactions of poly(arylether sulfones). The particular appeal 
was that the literature suggested the thermal reactions have structural implications (e.g.. gel fomation), and our Monte 
Carlo technique is strucaually explicit. There thus appeared to be a good match. 

Our model therefore sought an explicit link among polymer structure, reactivity and properties. The link 
between polymer s t~c ture  and reactivity was formed by basing the reaction pathways and kinehcs on model compound 
chemisuy. Part 1 of this series described the elementary steps modelled to control the thermal degradation of 
poly(ary1ether sulfones). The link between the thus-changing polymer structure and properties was established by 
phrasing the model in terms of a three-dimensional lattice. on which lattice s i m  represented monomer units and lattice 
site connections represented bonds. Polymer diffusion on this lattice was desuibed by the movement of monomers to 
adjacent empty lattice sites. Polymer reaction was described by the destruction or fomation of bonds between lattice 
sites. the nature and probabilities of which King described by model compound pathways and kinetics. 

This percolation model of gela!ion allowed d&nnination of gel, sol and gas fractions as a function of reaction 
time. Other relationships or models linking properties of the material to its structure (e&, viscosity from molecular 
weight distribution or modulus from number of crosslinks and degree of polymerization between mulinlrs) can be used 
to determine the adequacy of the polymer to the application for which it is intended. 

The input to the model consists of the chemical and physical structure of the polymer of interest, an assumed 
mechanism of segmental mobility and arsoeiated transport constants. and the poslulated mechanism of thermal reaction 
and its associated rate constants. The output is a prediction of the s m c t m  and chemical identity of the system as a 
function of time. Because the model describes the system at the molecular level, at which all polymers share structure 
and chemisuy. the simulation parameters, such as reaction and transpon time constants. are. independent of the system 
modelled, and can be determined from other SOUIC~E such as experiments with model compounds. Thus thii model is 
envisioned as a tool for the understanding of the underlying fundamentals and for the determination and design of 
optimal systems. 

Although models have been frequently used to improve qualitative understanding, any signifcant quantitative 
use of a model's prediction is achieved through comparison with laboratory experimental resulu. However. the lack of 
precise characterization of the starling marerial renders difficult quantitative comparisons &ween experimental sludies 
and simulation resulu. especially when the polymers studied were synthesized for a particular study. In particular, a 
frequent omission in the studies reponed in the literature is the molecular weight distribution of the original polymers 
studied. For the purpose. of obraining peninen1 experimental dam, we have developed our own experimental procedure 
which will be reponed upon in a follow-up paper. Herein we focus on only the development and operation of the Monte 
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Carlo simulation of polymer degradation. We begin by considering thc bssic issue of gelation. which ConUols the 
present structure-property link sought 

CELATION AND PERCOLATION. 

Part 1 described the basic chemism of poly(ary1ether sulfone) degradation. Occurring in the polymer, these 
elementary steps have structural significance. We need to account for more lhan just the net bond formationbond 
breaking; we need to account for crosslinking and longer-range connectivity. This requires a model of the gelation 
process. Gelation involves the formation of indefinitely large polymer s ~ c t u r e .  which will extend through the volume 
of the polymer sample and. on the molecular scale. may be considered essentially infinite. 

threshold. This point is akin to Lhe critical point in thermodynamics. As conversion increases during the polymerization 
of a systcm conWing multi-functional monomers. a point is reached where the system suddenly changes from a 
viscous homogeneous fluid to a IwcFphase system, containing an insoluble cluster. the gel. and a soluble portion. the 
sol [1.8,11.12.20]. The existence of a gelation point has also been demonsuated in systems where initial constituents 
are not monomers but linear polymers [1.9-16 1. 

Models of gelation address the connectivity of the system. An early analytical model was developed by Flow 
and Stockmayer [1,11,12]. Their approach is based on three main assumptions: functional groups react independently of 
one another; identical functional groups have the same reactivity; no intramolecular reactions occur. Also, any 
functional group can react with any other functional group, independent of position, and excluded volume effects are 
neglected. 

Based on these assumptions, the system can be represented as a Behe lattice [SI of functionality equal to the 
functionality of the monomers. A statistical analysis on this nuwork provides information on the size of the clusters 
and the connectivity of the monomers as a function of conversion, p being defmed as the number of bonds formed over 
the total number of possible bonds. This approach correctly describes the gelation m i t i o n  and the critical conversion 
value pc for the existence of an infinite cluster, calculated as pc = l/(f-l), for monomer of functionality f [I]. The same 
approach has also been used 10 describe the crosslinking of Linear polymer chains in the vulcanization of rubber 
[9,10.13-161. 

systems. For instance, neglecting intramolecular reaction is probably unreasonable when the initial condition is a set of 
large linear molecules rather than a collection of monomers. Also. excluded volume effects become important as the 
reaction proceeds. generating isolated sites. and the equal accessibility rule breaks down in strongly tranqnrt-limited 
systems. Percolation models of gelation are considered to ~ecount for he deficiencies of the analytical appmach. 

The cennal concept in percolation is the discrete description of space. Space is spanned by a lauice of 
dimensionality N. IIhe lattice sites can be occupied by monomers, and an connected to neighboring sites by a certain 
number f of bonds. corresponding to the functionality of Lhe monomers. It can be noted here that the Fbry-StOckmayer 
approach is equivalent to a percolation of infinite dimensionality. 

Percolation models are usually implemented numerically and grids of finite size are used to describe a 
representative fraction of the system. The boundaries of the grid are then considered to be periodic. In these insrances. 
gelation is auained when percolation occurs. In other words, a cluste~ becomes infinite when it spans the length of the 
lattice. Based on the state of the lattice a slate of statistical quantities, regarding the composition of the system, can be 
calculated. The reaction network and kinetics detamine the rules by which bonds are formed, linking p to reaction time. 

In the case of poly(ary1ether sulfone) degmbtion. crosslinking occurs as a consequence of breaking and forming 
linkages within an initially linear polymeric syslem. The grid percolation models offer the advantage, over the analytical 
model. of describing the physical and chemical environment of a reactanr A reactive intermediate has a migin number 
of nearest neighbors with which it can react Therefore. reactions can be considered a the elementary step level, where 
bond braking and bond forming occur. These were presented in part 1 and can be organized. from a topological point of 
view, into three main classes: 

Gelation is always the result of c ross l ing .  Its main characteristic is the existence of a gelation point or 

The assumptions stated earlier limit the quantitative use of the analytical approach to but a handful of simple 

Bond-Wing reactions: 

Bond-forming reactions: Additions and minations. 
"Bond-neucral" reactions : 
In the next section, the Monte Carlo sirnulation of poly(ary1ether sulfone) degradation is presented. using a 

Initiations and eliminations from cyclohexadienyl. cyclohwyl or 
cyclohexenyl radicals. 

Hydrogen abstractions and disproportionations. 

three-dimensional square-grid percolation model that incorporates the entire set of elementary steps desaibed earlier. 

MONTE CARLO MODEL DEVELOPMENT. 
The Monte Carlo simulation of degradation of poly(ary1ether sulfones) is summarized in terms of major 

modules of the overall simulation scheme. The initial polymer configuration is constructed from smctural information. 
Once an original configuration is determined, radicals are generated within the grid using an event-space algorithm. The 
time ti and nature of the initiating event (initiation reaction or diffusion into the lattice) are calculated. The new staw of 
the system is determined, and time is upaated (One =time + $). Once radicals are present in the lattice, polymer 
segments are moved, and all radicals present are mwd for reaction with their environment during a fued time interval 
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At. If. after that time intmal. radicals are still present in the lauice, the total time is updated (time = time + At), and 
the previous step is repeated. If. on the conmy. all radicals have disappeared from the lauice (via termination or by 
diffusing out through a grid boundary), new radicals are generated within the lattice. Then time is updated and the same 
movement/reaction process described above is repeated. Results are stored at desired reaction limes. Once the final 
reaction time is reached, a new initial contigumion is generated for each subsequent run. The resulu of all runs ar? 
averaged to yield statistically significant quantities. 

simulation of shucture. including the initial configuration and the dynamic simulation of structure. followed by 
simulation of initiation and propagation reactions. The mechanics of the program developed are W e d  elsewhere 1391. 
SIMULATION OF STRUCTURE 

The polymeric melt is represented by a three dimensional square grid of dimension N x N x N. Polymer chains 
are represented by monomers occupying grid sites connected by bonds. Each grid site has six nearest neighbors with 
which to interact lhrough linkages or reaction. This representation of the system allows the description of the chemical 
environment of each site, as well as the global connectivity of the system. It also allows for spatial movement of the 
monomers, horn site to site according to specified rules, 10 account for musion. 

In poly(ary1ether sulfone) systems. the grid sites rqnesent substituted benzene rings, and the bonds represent 
the l i g e s  beween ammatic units. For the system considered here, these bonds are sulfonyl L i e s ,  ether l i g e s  01 
carboncarbon bonds (arising from thermal reaction). 

Initial configuration 

molecules are initially linear. They are represented by self-avoiding random walks in the cubic lauice [120.17-19211. 
The degree of polymerization (chain length) of each molecule is randomly chosen from the initial dew of 
polymerization distribution. The molecule is then placed in the percolation grid, by placing monomers one by one, 
until the predetermined length is aaained. Where shucture is conmed.  the boundaries of the grid are periodic. ‘Ihi 
means that a polymer chain hu exits the grid through one facc mtem it h u g h  ulc opposite face. This pmcedure is 
repeated with new polymer chains until a fraction of the lauice, corresponding u) rhe polymds density. is filled. 

In order to calculate the occupied fraetion of the grid, the Van der Waals volume of the polymer, eslimaled by 
optimizing the structure of the polymer’s building blocks (in this case diphenylsulfone and diphenyl ether). was 
compared with the total volume of the lauice. fssumed u) be the total volume occupied by the polymer. The estimation 
of the polymer molecular volume was achieved by optimizing stnrcture using extended HUckel molecular orbital 
calculations. The occupied fraction was obtained by dividing the molar Van der Waals volume of the polymeh building 
block by the molar density of the polymer. In the case of poly(aryle(her sulfone), the density is 1.06 glw, and an 
average volume of diphenylsulfonc and diphenyletha was estimated at 130 A3. ‘Ihe occupied h t i o n  in this case is 
75%. 

will allow polymer movement and the chemical identity of each lattice site and bond. Reaction and movement of 
polymer units can then be explicitly addressed at the molecular level. 

Dynamic structure simulation. 
The bansport characteristics of the medium in which radical reactions occur have a strong influence on 

pathways and kinetics. The radical reactions involved in the degradation mechanism are very fast. Fast reactions have 
been shown 10 be affected by the ability of the reactant to move [22-2428.30.32-36]. The lime scale of these reactions 
is often comparable to that for molecular movement. especially in restricted systems like polymer melts. Also. the 
connectivity of the networl can affect or be affected by transport limitations. as is appannt in the work of Bmwn in the 
radiolitic degradation of poly(ary1ether sulfone) at temperawres above and below the glm transition temperature [22].11 
is therefore imponant to introduce mechanisms that account for the movement of the monomers. 

segments, in a wormlike fashion 1391. In simulation. a number of movements. equal to the number of monomers 
p m t  in the medium. are aaempted in a time step AL Since the CPU requirement to move every possible segment in 
the system becomes prohibitively large with grid size, only polymer segments within three lattice sites of a given 
radical were moved in one step. This local diffusion model captured the environment about a reactive site while still 
allowing reasonable compuratioML demand. The model has been described in detail elsewhex. 1391. 

Simulation of Reaction 
Reactions are simulated according to the stochastic algorithm described elsewhere 1391. Two classes of events 

are distinguished: The initiation events. creating active cenm (radicals) within the lattice, and propagation events, 
carrying the radical chain reactions. 

-. Radicals responsible for the degradation of poly(aryle4her sulfone) are formed in initiation 
reactions. The sulfonyl linkages break u) give two radicals. a phenyl radical and a sulfonyl radical. Tkse radicals can 
propagate the reaction by interacting with stable monomers. or they can terminate. 

The following subsections present in derail the features of each unit of the overall simulation, starting with the 

The initial configuration of the system is determined by randomly placing molecules in the grid. Polymer 

The initial polymer configuration gives the complete conneetivity of the polymeric melt. the free volume that 

The amroach taken follows the idea that a polymer molecule diffuses through the movement of its smaller 

. .  . 
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An event-space algorithm is used to generate radicals. The initiation possibilities include the breaking of any of 
he N sulfonyl linkages present in the lattice. Each one of them represents M event that can happen with ram 
constant kinit. However. due to the finite size of the grid, an exW initiation event was included: radicals generated 
elsewhere in the melt and outside of the lattice were allowed to diffuse into the grid. The necessity for such an event was 
prompted by the relative values of initiation and termination rate constants. Rae constants for initiation are usually 
orders of magnitude smaller than those for projagation reactions and up to IOl5 times smaller than termination rate 
constants. Concentrations of radicals in this system are ofthe o* of d - 1 ~ 1 0  times the concentration of initiating 
linkages. Memory availability and CPU requirement limit grid sizes to values well below the lo8 sites nccessBIy to 
simulate a representative sample of polymer melt. This means that periodic boundary conditions cannot be applied 
regarding the movement of radical intermediates. If a radical moves out of the percolation grid, it disappears. Having it 
reenter the grid through the opposing face would anificially increase the concentration of radicals. Including this second 
(hansport) component to the "initiation" or generation of radicals involved the evaluation of the rate of "diffusion" of . 
radicals into the lattice. This was accomplished by calculating the number of radicals that will cross the lattice 
boundaries inwards per unit time. A radical will move a distance equal to one lauice unit in an average time 
'I = x l2 I 16 D. where D is the effective diffusion coefficient and I is the size. of a lattice unil. There are 6 
neighboring sites to which the radical can move. If a radical is positioned one lattice site outside the lattice boundary, 
only one of its neighboring sites is pan of the lattice. Thus, on average, I16 of the radicals in those positions will 
move into the lauice. The number of radicals diffusing into the lattice per unit time is then nrad = CIad x.V I 6  T , 
where C,d is the global concentration of radicals in the melt and V = 6 (N 1)' is the volume represenled by a slab one- 
latticesite thick around the outside of the lauice boundaries. Estimations of Cmd and D were required in order to 

s4? 

calculate "rad. 
The effective diffusion cwfficient of radicals is a result of the combined effect of the mobility of polymer 

chains and segments and the reaction of radicals with occupied neighboring sites. The diffusing species is the radical 
reactive center and can move from molecule to molecule by reaction. lliis means lhal a radical center can "diffuse" even 
when the molecules bearing it are fued 

through its transport propenies @e. viscosity, molecular weight, crosslinks) but to its chemical sv~eture as well. It 
was evaluated by placing a radical in the center of the reactive lattice and performing the simulation disabling initiation 
and termination chemistry. The average distance travelled, a. by the radicals in a time t = 1 second was recorded. and the 
diffusion coefficient was calculated by assuming the radical performed a random walk. In such a case. D = II a I 16 t 

ord2 I6 I .  

global concentration of radicals in the melt. The thexxy of reactions in solution as well as the pseudo-steady state 
approximation were applied to evaluate Gd (I priori. as described in detail elsewhere. [39]. 

The final result is shown in Eq. I.  where IS@] is the concenwtion of unreacted S@ linkages. 

The effective diffusion coefficient was therefore relaud not only to the physical characrCristics of the system. 

- 
finally. Ihe evaluation of the rate of radicals diffusing into the lattice requires the knowledge of Cd the 

The rate of diffusion of radicals into the lauice was thereby determined as a function of the physical and 
chemical characteristics of h e  real system and of the simuLuion parameten fie. grid size). 

An event-space simulation is performed to calculate the time and nature of the next initiation event. The l i t  of 
possible events includes the scission of any of the N9 sulfonyl linkages and the diffusion of a radical into the lauice. 
The total rate constant for radical generation is then $g = Nss kinit + nrad The time interval between the present time 
and the next event. r, is determined according to the algorithm described elsewhere f361. A random number, RN. is hen 
drawn to determine which event occurred. If RN c N9 kinit / h. a sulfonyl linkage, chosen at random, breaks. 
generating two radicals. Otherwise. an occupied position selected at random on the lauice boundary is modified to 
become a radical (i.e. if the occupied position is a benzene ring, it is changed to a phenyl radical or a cyclohexadienyl 
radical, or to a phenoxy radical if it has phenoxy substituents), to represent the generation of an active center via 
diffusion. The reaction time was at this point updaled by adding 'I to the current time. 

radical or p-scission reactions. 

approach f37.391 was used lo simulate the reactions of radicals with their environment. A radical can react with any of 
its nearest neighbors to which it is not connected. 

occur is given by Equation (2): 

Once reactive intermediates appeared in the lauice they could undergo a series of faster radical-molecule. radical- 

&pagation reactions can be strongly affected by segmental mobility. A fued time step 

In the general case n reactions will be possible for a given radical. The probability for reaction i to 
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The possible transitions and their associated probabilities are computed according to the environment of the 
radical and the energetics of elementary steps listed in Pan 1. However, for bimolecular reactions, the reactants must 
come within one Lattice unit of each other before they can reacL Following the "nactions in solution" formalism. it is 
justified to say ha t  they must form an encountered pair of reactans AB*. for them to react Chemical transformation of 
this pair is best described by a fit-orda process. the disappearance of the species identified as "an encountered pair of 
reactants". In short, the rate constants of part 1 and the "reactions in solution" formalism [23.25.281 were reconciled 
[391 to detennine the transition probability for this f i t  or& pr&w. The f d  result is kfmt 

p3L A s a n d  && e-E*mT, where the second order reaction and lhat of the encomlered pair have the Same activation 
energy. 

parallel reactions [37,39]. A random number, RNi, was compared to the probability Pi = (1 - exp( - 
that a radical i reacts. If reaction occurs a second random number determines its nature. The state of the lattice is then 
updated, and the random number RNI, the rate constant of the reaction that did occur and kj are kept in memory. 
The same procedure is applied to all the radicals present in the laaice. The formalii  of reactions in series C37.391 was 
used to account for the fact that several reactions in series can occur in AL If radical i reacts in the lime interval to yield 
another radical (it does not terminate or "'escape" from Ihe grid), Ihe new radical is tested for reaction. This procedure is 
repeated until no fwthcr reaction occurs. 

Once all radicals have been checked for reaction in At. the reaction time is upaatea by adding At to the current 
time. A new time step is allowed to pass or new radicals are genenued in the laaice depending on the status of the 
lauice. When the reaction time reaches predetermined output times. the status of the grid is reiorded. Results of several 
Markov Chains are averaged to yield statistically significant numbers. 
OUTPUT OF THE SIMULATION 

computer "experiment" is the average of the resulu of N MarLOv Chains. for which results were recorded after 0-30 
minutes of simulated reaction time. 

The output of the simulation summarizes the detailed chemical srmcttue and connectivity of the polymeric 
system as a function of reaction time. The attributes of the system are described in haetions (sol fraction. gel fraction. 
fraction of crosslinked monomers), averages (average molecular weighs avuagc number of OH groups per monomer) or 
distributions (sol fraction molecular weight distribution. distribution of number of lidages per monomer). 

The choice of amibutes is often delemined by the desired comparison with laboratory experiments. as is the 
case for the gel. sol and gas fractions. However, attributes unavailable from laboratory expaimenU may present 
considerable importance in the understanding of the underlying fundamentals. For example, the fraction of crasslinked 
monomers can be used to evaluate the validity of the F l o r y J ~ ~ ~ k m a y a  model assumptions. 

The quantities recorded for the present simulations were: distribution of monomer types (benzene rings. 
cyclohexadienes. cyclohexenes. cyclohexanes); total number of linkages; fraction of sulfonyl, ether and biphenyl 
linkages; fraction of monomers with one, two. three. and four linkages; gas. sol and gel fractions; number-average and 
weight-average molecular weight and degree of polymerization of the sol fraction; sol fraction molecular weight 
distribution; gas fraction composition; number of OH groups per monomer. number of chain ends: number of S02H 
groups per monomer. total number of radicals generated in the lattice. 

Most of the foregoing quantities are delermined by simple inspection of the lattice. Determination of gel, sol 
and gas hctions from the simulated pymlysis requires more attention. Experimentally, these fractions are related to h e  
solubility protocol used: the gas fraction is the portion of the mixture lhat is volatile at mom temperature and one 
atmosphere total pressure; the gel fraction is the portion insoluble in a suitable solvent or any molecule unable to pass 
through a 5 micro-fiberglass filw, the sol fraction is the rest of material. The determination of the gel fraction was by 
making the conceptual link that the gel fraction corresponded to the portion of polymer that is insoluble in a solvent 
hat dissolves linear polymm of same chemical compositions. The existence of a gel implies, according to Rory [I], 
the presence of an infinite network of crosslinked material. 

= vpe-mT = 

To implement the simulation, the occurrence and nam of a reaction was & m i n e d  through the algorithm for 

7 kj At)) 

The simulation results are recorded to allow for comparison with laboratory kinetics experiments. The 

SIMULATION RESULTS 
Model predictions are presented in terms of temporal v d t i o n  of average srmctural parameters and the yields of 

solubility-based product fractions from simulated poly(ary1ether sulfone) pyrolyses. The results presented here are the 
oulput of the simulation performed on a three-dimensional square grid of dimension 40 x 40 x 40. 
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PRODUCT FRACTIONS 
The determination of products belonging to the gel fraction. the sol fraction or the gas fixtion was made 

according to the rules desnibed above. Calculating the weight of each monomer and its associated linkages, summing 
these for the gel and sol fractions. and dividing by the total weight of all particles in these two fractions enabled 
prediction of the weight yield of the sol and gel fractions from simulated pyrolyses. 

Figure 1 presents the temporal variations of the sol and gel pmduct fractions for simulated pyrolysis at 4 2 5 f .  
The gel fraction shows a general increase with time, and the sol fraction shows the complementary denease with time. 
A small fraction of gel is formed at times c 500 s, but a dramatic increase occurs at 500 s. where the gel fraction 
increases sharply to slightly grater  than 20%. 'Ihis can be qualitatively likened to the existence of a gelation point 
which has been reported during experimental polymer pyrolyses. The small fluctuations in the gel fraction prior to the 
dramatic increase can be attributed to computational factors. The simulation allows for bond-breaking initiations at all 
time steps. Chains already considered to be a part of the gel fraction CM undergo chain scission at later reaction sfages 
and therefore may no longer satisfy the percolation and crosslinking requirements for gelation. The frequency of this 
occurring is very small. however, and, in any event, dampens as the number of Markov Chains increases. 

The yields of sulfur-containing product gases, H2S and So;?, from the simulated pyrolysis are shown in 
Figure 2. The percent yield is based on the mount of sulfone linkages contained in the reactant poly(ary1ether sulfone). 
The yield of So;? increases linearly with time and reaches an ultimate value of 4% after 1100 s of simulated reaction 
time. The percentage of HzS formed is much lower and achieves a value of only 0.1% after 1100 s of reaction time. The 
balance of the sulfur would remain in the gel or sol fraction as So;? linkages between monomers. 

STRUCTURAL PARAMETERS 
The model explicitly monitored the length of each chain (number of monomeric units) and the type and number 

of links for each of the monomers. This information could be assembled to specify values of average structural 
paramem for the entire polymer or any of its prcduct hc+.  

The number average degree of polymerization. x,, , for the sol product fraction as a function of time is 

. 

- 
presented in Figure 3. The value of x,, is defined in the simulation as: 

- f number of chains of degree of polymerization i x i 
total number of chains xn = 

where i=l would represent one unit in the polymer chain w& a unit is taken 10 be a single benzenederived ring or, in 
simulation terms, one grid point. Note that the value of xn continually decreases. exhibiting a value of 108 at the 
initial time and e a s i n g  to ar2timate value of 20 at 1100 s. Chain scission and crosslinking have opposing effects 
on the value of xn . However, xn is particularly sensitive to che pmporfion. by number. of shorter chain lengths. and 
therefore exhibiG the generally decreasing W. 

In the region of 500 s. there is a marked decrease in the value of a. This is the point when a significant 

portion of gel fraction forms and the large, crosslinked chains no longer connibute to the value of for the sol 
fraction. The time at which this occurs is simultaneous with the point considered to be the gelation point in the gel 
fraction versus time curve presented above. 

The temporal variation of the weight average degree of polymerization, x.+, , is shown in Figure 4. The 
- 

- 
definition of xw used in the simulation is : 

- 
xw = 

f number of chains of degree of polymerization i x i2 

number of chains of degree of polymerization i x i 

- - 
The value of xw , in contrast with the value of xn , increases with time in the initial stages of reaction. The 

weight average degree of polymerization is panicularly sensitive to the presence of larger chain lengths, and (herefore. 
the effect of crosshking dominates over chain scission. The sharpest rise occurs in the region of 450 s followed by a 
sharp decline. This corresponds to the region, identified earlier as a gelation point Here the infiiite chains in (he gel no 
longer contribute to any parameters measured in the sol fraction. In the later stages of reaction, more of the material is 
conminedinthe gel fractions, and the sol fraction is composed of small chains which gives rise to a small ultimate 
valueof xw . 
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AI1 of the results presented are for the reaction at 425'C of a poly(atyle.ther sulfone) with a single initial degree 
Of polymerization. We are just beginning to use the model to explore other polymers and conditions. The object of this 
Epon was to describe and record the approach and methodologies used. The agreement between model predictions and 
evJimentally observed temporal variations of the yields of product Fractions and the values of srmctural parameters 
will be assessed quantitatively in a follow-up communication. 

CONCLUSIONS 
Poly(ary1ether sulfone) structure. reactions, and diffusion can be described quantitatively in twms of a dynamic 
reaction lattice. 
Model compound kinetics provide a basis for modelling the bond-breaking and bond-forming reactions of 
poly(ary1ether sulfones). 
Gelation was associated with the auainment of a spanning cluster on the lattice. The gel fraction was sensitive to 
the fraction of bonds formed, as in polymerization. 
The model represents a flexible computer experiment for testing the influence of processing conditions. 
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Figure 1. Ternpod v d o n  of gel and sol product ktions at 425°C from Sirnulared poly(arylether sulfone) pyrolysis. 
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Figure 2. Tanparal vatiation of sulfur-containing gas fraction a( 425'C from simulared poly(ary1ethcrsulfone) 
pyrolysis. 
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Figure 4. Temporal variation of weight avvdge &pe of polymerization of sol fraction at 425°C hum 
simuIated poly(nry1ether sulfone) pyrolysis. 
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